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Intervention  Procedures  for  the  Development  of  Educational  Materials 
in  Elementary  Mathematics  with  a  Focus  on  Primary  Geometric  Concepts 

To  remediate  cognitive  deficits  associated  with  mathematics  cur¬ 
ricula  taught  to  visually  handicapped  children,  a  program  of  materials 
development  in  primary  mathematics  is  being  undertaken  at  the  American 
Printing  House  for  the  Blind  (APH).  The  objective  underlying  the  de¬ 
velopment  of  mathematics  materials  is  to  produce  instructional  aids 
which  illustrate  concepts  used  in  a  variety  of  teacher  prescribed  ac¬ 
tivities  and  which  reinforce  the  teaching  dynamic  encountered  between 
pupil  and  instructor. 

Special  educators  have  consistently  recognized  the  cognitive  de¬ 
ficits  visually  handicapped  children  display  in  relation  to  adequately 
demonstrating  successful  understanding  of  mathematical  concepts.  The 
frequent  retardation  of  about  20%  found  among  the  blind  in  achievement 
in  mathematics  verifies  these  observations  (Hayes,  1941;  Nolan  and 
Ashcroft,  1959). 

Educational  aids  and  devices  developed  by  teachers  of  the  visually 
handicapped  have  not  consistently  maintained  high  standards  of  quality, 
have  not  generally  relied  upon  existing  relevant  research,  have  not 
had  written  explanations  identifying  their  purposes  and  instructional 
uses,  and  consequently  have  been  inappropriate  for  APH  production  (Franks, 
1971).  Systematic  appraisal  of  curricular  perplexities  in  mathematics 
undertaken  by  trained  diagnosticians  for  purposes  of  developing  educa¬ 
tional  materials  is  a  recent  innovation.  The  outgrowth  of  these  inves¬ 
tigations  has  been  a  more  calculated  endeavor  to  observe  and  analyze 
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Instructional  procedures*  learning  deficits,  and  curricular  concepts 
to  produce  prescriptive  materials  that  meet  the  needs  of  a  population 
of  visually  handicapped  children  experiencing  cognitive  deprivation 
with  the  prevailing  mathematics  curricula. 

The  emphasis  on  the  mathematics  curricula  made  available  within 
the  past  ten  years  has  shifted  from  rote  memory  work,  repetitive  exer¬ 
cises,  and  unrelated  clusters  of  mathematical  facts  to  one  of  a  concep¬ 
tual  understanding  of  mathematics  as  a  system  of  related  ideas  based 
on  logical  descriptive  and  visual  processes.  As  this  is  the  approach 
for  developing  modern  mathematics  programs  it  becomes  the  task  of  the 
educational  researcher  to  identify  the  conceptual  deficits  a  particular 
population  of  exceptional  children  are  experiencing  and  to  plan  a  sys¬ 
tematic  approach  to  materials  development  which  will  supplement  re¬ 
mediation  techniques  employed  in  the  classroom. 

An  analysis  (Chart  I  appended)  of  the  following  primary  level 
mathematics  series  has  been  conducted  which  identifies  the  range  and 
sequence  of  topics,  associated  vocabulary,  and  suggested  instructional 
aids  in  the  geometry  concept  area  (Pester,  1071). 

1.  Addison  Wesley  Series,  Elementary  School  Mathematics  Books 

1  through  3. 

2.  Science  Research  Associates  Series,  Greater  Cleveland  Mathe¬ 

matics  ,  Books  1  through  3. 

3.  Silver  Burdett  Series,  Modern  Mathematics  through  Discovery 

Books  1  through  3. 

4.  Laidlaw  Series,  Mathematics,  Sets,  Numbers,  Numerals,  Books 

1  through  3. 

5.  Houghton  Mifflin  Series,  Modern  School  Mathematics  Structure 

and  Use,  Books  1  through  3. 

The  instructional  objectives  of  each  text  series  are  defined  in  rela¬ 
tion  to  the  importance  placed  on  understanding  geometric  concepts 
at  the  primary  level.  The  strategies  which  facilitate  the  learning  process 
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in  each  text  series  are  described  host,  in  tho  Greater  Cleveland  Mathe¬ 
matics  Program  (1968). 

1.  Questions  are  emphasized  more  than  answers. 

?.  Reasoning  and  understanding  are  stressed  rather  than  memorizing 
rul cs . 

3.  I  very  effort  is  made  to  develop  an  idea  prior  to  the  use  of 
words  that  name  the  idea.  Language  is  useless  without  ideas; 
Hie  language  of  math  is  learned  as  the  pupil  participates 

in  the  developmental  activities. 

4.  Many  of  the  activities  require  the  child  to  manipulate  objects 
and  make  generalizations. 

5.  Basic  facts  are  learned  by  referring  to  a  model  or  picture. 

6.  Models  or  pictures  are  used  to  develop  the  concepts  associated 
with  the  operation. 

7.  Visual  models  are  used  extensively  in  deepening  perception  of 
number  structure. 

8.  Models  or  pictures  are  presented  as  theoretical  or  real  life 
examples . 

These  guidelines  provide  the  foundation  for  the  presentation  of 
geometric  concepts  found  in  the  curricula.  It  is  apparent  that  the 
method  of  presentation  for  the  sighted  child  is  quite  visual  and  intui¬ 
tive  encouraging  the  child  consumer  to  make  logical  inductive  decisions 
about  the  learning  tasks. 

All  of  the  mathematical  concepts  involve  undefined  abstractions 
characteristic  of  intuitive  i.e.  (to  look  at)  geometry.  Child  con¬ 
sumers  visualize  and  describe  mathematical  operations,  rather  than 
assigning  precise  definitions  to  the  operations  (Duncan,  1970).  Induc¬ 
tive  decisions  imply  forming  conclusions  by  reasoning  from  the  particu¬ 
lar  to  the  general.  Duncan  and  his  associates  identified  this  process 
when  they  stated  that  the  principal  aim  of  their  work  is  to  develop 
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an  intuitive  understanding  of  the  concepts  which  will  help  students 
to  interpret  the  physical  world  they  see  around  them.  They  further 
acknowledge  that  ... 

children  learn  more  effectively  by  working  with  physical 
objects  than  by  being  "told"  or  shown  a  relationship  demon¬ 
strated.  Discovery  activities  in  which  the  students  work 
with  objects  are  therefore  an  important  part  of  our  pro¬ 
gram.  For  many  children  the  work  in  this  series  will  merely 
involve  learning  vocabulary  to  describe  what  they  already 
know.  On  the  other  hand,  one  must  be  careful  that  the  work 
involves  real  experiences  and  does  not  deteriorate  into 
mere  verbalism  (Duncan,  1970). 

An  in-depth  Geometric  Concept  Analysis  at  the  primary  level 
((.hart  TT  appended)  of  Modern  School  Mathematics  Structure  and  Use, 
Houghton  Mifflin,  newly  adopted  by  ARM  for  large  print  and  braille 
transcription,  indicated  that  this  series  presents  advanced  geometric 
concepts  at  earlier  grade  levels  than  any  other  series  outlined  in 
Chart  I.  The  analysis  was  undertaken  to  identifv  the  learning  ob¬ 
jectives  outlined  for  the  child  consumers,  remediation  techniques  the 
text  authors  employed  in  presenting  concepts,  visual  processes  occur- 
ing  on  the  printed  page  which  facilitate  learning,  and  the  interplay 
of  real  life'  and  abstract  examples  which  illustrate  mathematical 
functions.  It  is  of  prime  importance  to  record  this  methodology  as 
a  functional  basis  for  relevant  materials  development. 

In  Chart  II  the  geometric  figures  of  circle,  square,  and  triangle 
are  presented  at  grade  levels,  I,  II,  III  and  related  geometric  con¬ 
cepts  are  introduced  using  these  figures  for  illustration.  It  is 
appropriate  to  develop  materials  to  illustrate  these  concepts,  pro¬ 
viding  raised  line  drawings  for  Level  I,  raised  line  drawings  in  con¬ 
junction  with  tangible  plane  figures  for  Level  II,  and  a  combination 
of  raised  line  drawings,  tangible  plane  figures,  and  three  dimensional 
figures  for  Level  III.  An  alternate  approach  to  the  development  of 


tho  materials  would  Involve  reversing  the  sequence  of  presentation 
in  Levels  I  and  II  by  providing  tangible  plane  figures  at  Level  I, 
and  raised  line  drawings  in  conjunction  with  tangible  plane  figures 
at  Level  II.  The  order  in  which  tangible  plane  figures,  raised  line 
drawings  and  three  dimensional  figures  are  presented  at  Level  III 
may  not  have  any  significant  effect  on  how  the  student  learns.  This 
approach  is  partially  adapted  from  mathematics  teaching  strategies 
which  specify  that  primary  aged  children  are  presented  new  topics  in  a 
sequential  order  beginning  with  the  social  experience  which  presents 
a  situation  within  the  experiential  background  of  the  child;  then 
che  concrete  manipulation  step  utilizing  tangible  apparatus;  then 
the  visualization  step  which  illustrates  concepts  with  pictures,  draw- 
ing^,  diagrams,  and  charts;  and  finally  the  abstract  step  which  pre¬ 
sents  conconpts  with  symbols  alone  (Dutton,  1961).  Consequently,  the 
adapted  method  used  with  visually  handicapped  students  would  provide 
for  tangible  plane  figures  to  be  presented  prior  to  raised  line  draw¬ 
ings.  The  difference  in  sequence  of  presentation  points  up  a  problem 
current  educational  research  using  blind  Ss  has  not  answered:  Is  it 
more  educationally  appropriate  to  present  tangible  plane  figures  prior 
to  the  introduction  of  raised  line  drawings  or  after  the  introduc¬ 
tion  of  raised  line  drawings  when  illustrating  concepts  associated  with 
specific  subject  matter? 

A  perusal  of  all  the  mathematics  series  listed  previously  indi¬ 
cates  no  agreed  preference  among  texts  regarding  methods  of  illustra¬ 
ting  geometric  figures  for  sighted  students  at  the  first  grade  level 
e.g.  Houghton  Mifflin  uses  outline  figures;  SRA  uses  outline  figures; 
Addison  Wesley  uses  a  combination  of  outline  figures  and  outline  fi¬ 
gures  with  regions  colored;  Silver  Burdett  uses  dashed  outline  figures  and 
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colored  figures  of  real  life  examples;  Laidlaw  uses  outline  figures, 
outline  figures  with  regions  colored,  and  colored  figures  of  real  life 
examples.  Since  there  is  no  agreement  on  the  method  of  illustration  at 
the  first  grade  level,  the  order  of  sequencing  of  methods  cannot  be 
determined  either.  If  there  were  some  agreement  among  text  authors 
regarding  method  and  sequence  of  illustrating  geometric  figures,  adapted 
materials  for  visually  handicapped  child  consumers  could  follow  similiar 
strategies.  General  teaching  practices  usually  provide  raised  line 
drawings  as  counterparts  for  print  outline  drawings  and  tangible  plane 
figures  as  counterparts  for  print  outline  drawings  with  colored  regions. 
There  is  no  empirical  evidence  which  specifies  the  order  of  sequence 
when  presenting  raised  line  drawings  and  tangible  plane  figures  to 
visually  handicapped  child  consumers.  Since  this  inconsistency  is 
evident  it  should  be  a  concern  in  the  design  of  the  geometric  forms 
study. 

Each  level  of  the  Materials  Development  Prospectus  at  the  primary 
level  (Chart  III  appended)  is  a  summation  of  the  concept  analysis  which 
outlines  the  instructional  objectives  and  terminal  behaviors  visually 
handicapped  child  consumers  should  master  to  understand  the  scope  of 
concepts  related  to  the  geometric  figures  of  circle,  square,  and  tri¬ 
angle  presented  in  the  primary  grades.  Level  I  of  the  prospectus  in¬ 
troduces  the  concepts  of  curve,  inside  and  outside,  circle,  square, 
triangle,  and  regions  of  the  three  geometric  shapes.  Level  II  of 
the  prospectus  introduces  the  concepts  of  line,  line  segment,  point, 
congruence,  sides,  and  corners  while  reviewing  the  concepts  presented 
in  Level  I.  Level  III  of  the  prospectus  introduces  the  concepts  of 
angle,  right  angle,  plane,  parallel  lines,  sphere,  cube,  and  an  in 
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depth  investigation  of  the  properties  of  a  circle.  Each  level  is 
concerned  with  the  application  of  concepts  to  the  geometric  figures 
of  circle,  square,  and  triangle.  All  objectives  are  sequentially 
developed  in  a  logical  presentation  based  on  the  Geometric  Concept 
Analysis. 

An  analysis  at  the  intermediate  level  (Chart  IV,  V  appended)  was 
conducted  employing  identical  objectives  as  those  specified  for  the 
primary  level.  The  first  phase  of  the  intermediate  analysis  (Chart  IV) 
identified  those  concepts  which  can  be  illustrated  using  raised  line 
drawings,  plane  figures,  and  three  dimensional  figures  without  additional 
tangible  apparatus  needed  to  perform  the  indicated  operations.  The 
nature  of  this  information  was  similiar  to  that  found  in  the  analysis 
at  the  primary  level.  The  first  phase  of  the  analysis  at  the  inter¬ 
mediate  level  included  only  grade  levels  IV  and  V. 

The  second  phase  of  the  analysis  at  the  intermediate  level  (Chart  V) 
included  grade  levels  IV  and  V  and  all  of  level  VI  and  identified 
performance  operations  which  deal  with  measurement  and  construction  of 
geometric  figures.  Concepts  in  geometry  at  the  intermediate  level 
are  performance  oriented  and  require  students  to  manipulate  apparatus 
in  order  to  draw  conclusions  about  the  materials  being  studied.  A 
performance  operation  requires  the  student  to  manipulate  a  ruler, 
compass,  or  protractor  to  construct  and/or  measure  a  figure  for  pur¬ 
poses  of  understanding  the  concept  involved.  As  an  example,  at  the 
fourth  grade  level,  the  student  will  draw  and  measure  line  segments 
using  a  ruler,  construct  three  dimensional  figures  such  as  a  pyramid, 
cube,  and  cone,  and  draw  rectangles  of  specified  measures  and  com¬ 
pute  their  area.  At  the  fifth  grade  level,  the  student  will  use  a 
ruler  to  measure  line  segments  and  perimeters  of  different  figures. 
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use  a  protractor  to  draw  and  measure  angles,  draw  circles  without  using 
a  compass,  and  draw  graphs.  At  the  sixth  grade  level,  the  student  will 
draw  nnd  meor.uro  line  segments,  use  n  protractor  to  measure  angles, 
use  a  compass  to  draw  circles,  and  measure  the  volume  of  specified 
figures. 

At  the  primary  level  students  use  a  ruler  to  draw  and  measure 
line  segments  and  to  measure  the  sides  of  geometric  shapes.  The  atten¬ 
tion  given  to  understanding  the  geometric  concepts  associated  with  mea¬ 
surement  is  secondary  to  the  emphasis  placed  solely  on  measurement. 
However,  at  the  intermediate  level  devices  such  as  a  ruler,  compass, 
and  protractor  are  important  in  facilitating  the  understanding  of  geo¬ 
metric  concepts.  Many  of  the  concepts  presented  at  the  intermediate 
level  have  been  introduced  at  the  primary  level,  but  the  methods  in 
which  students  deal  with  the  concepts  change.  The  methods  of  under¬ 
standing  geometric  concepts  involve  operational  procedures  in  which 
the  student  manipulates  devices,  draws  figures,  measures  line  seg¬ 
ments  and  angles  and  computes  volume.  The  analysis  at  the  primary 
level  indicated  that  students  identify  the  characteristics  of  different 
geometric  figures  while  at  the  intermediate  level,  students  must  use 
measurement  devices  and  construct  figures  to  obtain  answers  to  ques¬ 
tions  dealing  with  geometry.  Since  the  concepts  at  the  intermediate 
level  involve  performance  operations  which  complicate  teaching  methods, 
it  is  recommended  that  an  additional  project  be  undertaken  to  determine 
ways  in  which  the  ruler,  compass,  and  protractor  should  be  used  to 
supplement  the  presentation  of  geometry  materials  to  be  developed  at 
the  intermediate  level. 
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The  author  is  currently  formulating  a  project  to  design  and  de¬ 
velop  prototypes  of  primary  geometric  materials  illustrating  concepts 
found  in  the  Geometric  Concept  Analysis.  Prototypes  will  be  developed 
to  specifically  illustrate  the  Materials  Development  Prospectus  which 
is  adapted  for  visually  handicapped  child  consumers.  Close  attention 
will  be  given  to  refining  the  prospectus  to  present  instructional  ob¬ 
jectives  and  terminal  behaviors  which  most  adequately  facilitate 
concept  attainment  related  to  the  geometric  figures  of  circle,  square, 
and  triangle.  In  formulating  a  design  to  assess  the  effectiveness  of 
the  geometry-  prototypes  consideration  will  be  given  to  setting  up  com¬ 
parison  groups  and  varying  the  sequence  of  the  presentation  of  the 
three  classes  of  figures  i.e.  (raised  line,  tangible.,  plane, and  3  di- 

r  * yt  ’i*" 

mens ional)  for  purposes  of  verfying  the  appropriate  sequencing  method 
of  presenting  geometry  materials  to  visually  handicapped  children. 

When  the  instructional  programs  and  prototypes  have  been  designed, 
pilot  testing  will  ensue  to  assess  the  effectiveness  of  the  materials 
devel oped. 
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CHART  I 


PRIMARY  TEXTBOOK  ANALYSIS 
RANGE  AND  SEQUENCE  OF  TOPICS, 
ASSOCIATED  VOCABULARY,  SUGGESTED 
INSTRUCTIONAL  AIDS 


Concept  Area:  Geometry 


Addison  Wrsley  Scries,  Elementary  School  Mathematics 

Books  1  through  3. 

Science  Research  Associates  Series,  Greater  Cleveland  Mathematics 

Books  1  through  3. 

Silver  Burdett  Series,  Modern  Mathematics  through  Discovery 

Books  1  through  3. 

Laidlaw  Series,  Mathematics,  Sets,  Numbers,  Numerals 

Books  1  through  3. 

Houghton  Mifflin  Series,  Modern  School  Mathematics  Structure  and  Use 


Books  1 

through  3. 

Associated 

Suqqested 

Range  and  Sequence  of  Topics 

Vocabulary 

Instructional  Aids 

Grade  I 

1. 

Identification  of  circles, 

above 

rul  er 

squares,  triangles,  &  rec- 

after 

number  1 ine 

tangl es 

angle 

toys  of  different 

2. 

Comparison  of  different 

area 

sizes 

sized  circles,  squares. 

before 

plane  models  in 

triangles,  rectangles 

below 

wire  and/or  plas- 

3. 

Ideas  of  points  A  line 

between 

tic  in  various 

segments  (3) 

center 

sizes  (Judy  Pro- 

4. 

Closed  curve  (1 ) 

center  point 

perty  Blocks  & 

5. 

"The  shortest  distance 

chord 

Stick-O-Mats, 

between  2  points  is  a 

ci rcl e 

square  with  a 

straight  line"  (1 ) 

closed 

10"  diagonal , 

compass 

square  corner, 

congruent 

etc. ) 

Grade  II 

cube 

flannel  or  mag- 

cyl inder 

netic  board  and 

1. 

Ideas  of  inside,  outside, 

diagonal 

geometric  shapes 

on,  region  (1 ) 

diameter 

solid  models 

2. 

Drawing  &  using  points  & 

end  point 

(cube,  etc.) 

line  segments  including 

graph 

compass  &  desk 

diagonals  (2) 

inside 

protector 

3. 

Center,  radius,  &  dia- 

larger 

tracing  paper 

meter  of  a  circle 

last 

simple  street  map 

4. 

Square  corners 

left 

squared  paper 

S . 

Symmetry  (2) 

1  ine 

book  with  squared 

6. 

Congruence  (1) 

line  segment 

corners 

7. 

Simple  closed  curves  in- 

next 

vol 1 eybal 1 ,  bas- 

eluding  circles,  squares. 

opposite 

ketball,  baseball 

triangles  &  rectangles  (1) 

outside 

classroom  globe 

0. 

"Only  1  line  can  be  drawn 

paral  lei 

magazine  pictures 

through  2  points,  but  many 

parallelogram 

of  geometric  shapt 

lines  can  be  drawn  through 

path 

1/4"  wide  strips 

1  point."  (1) 

pi  ane 

thumbtacks 

GRADE  III 


1.  Regions  of  a  plane  (inside 
&  outside)  &  properties  of 
plane  figures 

2.  Drawing  circles  with  a 
compass  (1) 

3.  Parallelogram  &  parallel 
lines  (2) 

4.  Angle,  exterior  &  interior 
angles  (1) 

5.  Constructing  right  angles 

6.  Quadrilaterals 

7.  Cube  &  its  properties  (1) 

8.  Sphere  (1 ) 

9.  Cyl inder  (1 ) 

10.  Constructing  rectangles  & 
squares  by  folding  paper  (1) 

11.  Families  of  lines  through  a 
point  (1) 

12.  Family  of  circles  through 
2  given  points  (1) 

13.  Three  points  not  on  1  line 
determine  exactly  1  circle 
(1) 


point 

heavy  string 

qjadri  lateral 

crayons 

radius 

paste 

rectangle 

region 

right 

right  angle 
roundness 
shape 
shortest 
s  i  des 

scissors 

simple 
smal ler 

space 

sphere 

square 

square  corner 
symmetric 
triangle 
vol ume 

CHART  II 
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CURRICULUM  AREA:  Mathematics 
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Exercises  -  rectangles  and  squares  a.  A  rectangle  is  a  special  quadrilateral.  1)  Questions  asked  about  angles  and 

b.  A  square  is  a  special  rectangle.  parallel  sides. 

c.  The  sides  of  a  square  are  of  equal 
length. 


GRADE  LEVEL:  HI 


INSTRUCTIONAL  OBJECTIVE:  CONCEPTS  TAUGHT:  TEACHING  PROCESS: 


03 

C  4- 
03  O 
CD 

Ol  c  w 
u  o  a.) 

•  r —  *r—  -r- 

IZ)  4J  P 
13  1/1  i- 
dJ  cu 
c  n  n_ 
o  cr  o 
•i-  s_ 

■p  s.  a 

•i-  aj 
c:  2  a> 

C7)  CO  JZ 

o  c  +-> 
a  ra 
CL)  CD 

s_  •»  c 

CU  -r-  • 

r—  I —  T3  CU 
fO  O-  £-  i — 
3  E  IS  U 

n  is  DS- 

•r-  X  CL)  T 

>  <y  s-  o 


CO 

-X  QJ 

C3  s- 

•i-  IX) 

x: 

4->  JC 

-X  o 

4~» 

3  O'r 

U 

O  O  -C 

CU 

>>r—  2 

•r-j 

.a 

O  co  to 

o 

C3  4->  4-> 

r— 

=  U  U: 

CU  cu  o- 

03 

.  .  •!— >  -r-j  i — 

• 

u 

TJPXl  (S 

l/l 

m  •>- 

CUOOCJ 

c 

e  s_ 

-X  -r- 

o 

o  +-> 

CO  r—  C  S_ 

■r— 

•r—  cu 

ID  (O  IS  P 

4-» 

-t-i  E 

ur  cu 

o 

cj  E 

Cr-P  P 

33 

=5  >, 

OS-  s 

s_ 

S_  c/1 

*i —  P  i-  5) 

4-> 

4P 

p  aj  <D  (o 

CO 

CO  cu 

CO  E  +j 

a 

C  E 

(DEPP 

3  >)(!)  O 

o 

O  03 

c_> 

CJ  IT 

cr  CO  X)  £3 

^ — s 

^ - ■» 

- — » 

*» - N 

' 

r— 

r~"" 

C\1 

* 

QJ 

CO 

E 

✓ — % 

4- 

4- 

cu 

03 

•  A 

• 

+-> 

f— 

r— 

> 

CO 

4- 

4- 

03 

e  co 

03 

os  -a 

O  r— 

s_ 

| - 

4- 

cu 

-33 

JZ  QJ 

4->  03 

cu 

cu 

03 

03 

o 

C3 

E  4- 

r-— 

33  JZ 

JC 

4-) 

-33 

•r— 

Ol  O  • 

33 

C  r— 

•r— 

4-J 

cu 

<U 

JT 

cu 

CU  CU 

•r“ 

•r-  03 

OJ 

E 

c 

C3 

S_ 

4-> 

N 

CO  S-  i — 

o 

CU  -C3 

cu 

ra 

•r— 

•r— 

03 

•1— 

•r— 

cu  o 

CU 

cu 

CL  4-> 

> 

•  r- 

2 

CO 

CU  4->  S_ 

i— 

3-  CU 

03 

• 

03 

-o 

cu 

cu 

CU 

33  C  T- 

CJ 

03  S_ 

-33  CD 

O) 

jz 

1 — 

S- 

r— 

cu 

p> 

•r-  cu  CU 

S- 

33  03 

tD  CU 

> 

■O 

o 

03 

o 

r— 

d 

r— ■  CJ 

•r— 

cr 

33 

S- 

c 

cz 

S- 

3 

s_ 

cn 

cu 

—  cu 

CJ 

CO  JZ 

03  *r~ 

13 

03 

ra 

•  / — 

cr 

•r— 

c 

S- 

CU  -33 

CJ 

M— 

o 

CJ 

cj 

CO 

o 

03 

cu 

in  .33  +-> 

03 

03  4-1 

CO  CU 

CO 

4- 

35  4-1 

03 

cu  -a 

•o 

cu 

33 

03 

03 

cu 

C3 

4- 

•r-  £Z 

co 

in  E 

4-1 

cu 

E 

03 

•r* 

T3>  S-  O 

ai 

CD 

03  CO 

CO 

o 

-u 

CO 

(O 

03 

-a 

co  a> 

■a 

-a  co 

5-  CU 

o 

!_ 

03 

cu 

CU 

co 

p: 

! - 33  4-1 

•r— 

•r*  4-J 

03  > 

r— 

s_ 

•o 

*o 

cu 

4P  C 

> 

>  S_ 

Q- 1 — 

o 

u 

•r— 

•r— 

cu 

o 

> 

03  *r~*  *r— 

•r- 

•r-  03 

CU  03 

• 

03 

> 

> 

.c 

4- 

03 

a)  o 

TJ 

-a  a. 

CD  X3 

r— 

05 

CU 

•r— 

•r~ 

-P> 

• 

-33 

4-  Q. 

03 

z 

cu 

-o 

-a 

JZ 

CO 

O  c n 

S- 

r—  cu  • 

-33  CD 

u 

CO 

o 

> 

4- 

+-> 

CU 

>1 

03  03 

CU 

03  CO  r— 

U  33 

•r— 

•r— 

03 

S- 

r— 

O 

CD 

CO 

03 

CO 

4-1 

33  O  03 

•r—  •r— 

S- 

c 

JZ 

cu 

03 

c 

ZJ 

E 

4-1  CU  S- 

CU 

O  -C  CJ 

-33  -33 

4P 

cu 

0 3 

+-> 

C 

CO 

cu 

•  1 — 

CO 

33  >  O 

e 

Ol  2 

3  CJ 

(U 

1 — 

JZ 

• 

CO 

cu 

o 

cu 

1 — 

-O 

• 

co 

cu 

•r-  S- 

03 

03  S- 

4-> 

E 

o 

S- 

cu 

E 

cn 

CO 

03 

cu 

cu 

CO 

o  CU  CU 

•i — 

•f  Cl)  P 

CU  03 

s- 

CU 

ra 

03 

=3 

f — 

S- 

I - 

1 — 

ZJ 

CL  CD  i — 

-a 

-o  CU  (U 

c  E 

•l — 

cu 

4-> 

o 

•r— 

•i — 

•1 — 

03 

cj 

cj 

•1— 

u 

Q_  E 

•1 — 

CO 

o 

c 

S- 

T3  -a 

-a 

13 

o 

S_ 

S- 

-a 

ru  >,  s- 

cu 

cu  03  E 

r—  O 

o 

cu 

•  r— 

03 

cr 

~i- 

•r— 

•r— 

03 

Z  03  *r— 

JZ 

-33  -33  >, 

2 

CO 

<c 

o 

C_) 

<c 

03 

03 

CU  (— 

a 

CJ 

s- 

LU  E  o 

1— 

1 —  CO  CO 

C  4-> 

03 

# 

# 

.  . 

• 

03 

cj 

-O 

CU 

4- 

03 

jQ 

03 

JU  u 

03 

c/) 

CL) 


+-> 


s- 

cu 

Q. 

CD 

o 

-a 

CU 

S- 

cu 

CD 

CL 

33 

•r— 

£3 

CJ 

cu 

•t — 

5- 

-33 

4-1 

CO 

CU 

4-1 

C 

a> 

X 

o 

T3 

LlJ 

>> 

C-J 

•r— 

4- 

CO 

1 

-)->  • 
33  CD 

CU  CU 

-a  r— 
•r-  o 
S- 
O  -I- 

I —  o 


cn 

>1 

co 

c 

s_ 

OJ 

•r— 

-pi 

r— 

JZ 

cu 

o 

a 

S- 

c: 

03 

o 

s 

in 

00 


oi 


O  r— ■ 

cnj  c\j 


22.  Angles  -  Exercises  a.  Angles  can  be  symmetrical  1)  Observation  -  compare  shapes 

b.  The  angle  between  the  corner  of  a  of  angles. 

building  and  level  ground  is  a  right 
angle. 
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27.  Exercises  -  shperes  and  cubes  a.  Visual  example  of  cube  and  sphere  are  1)  Real  life  examples  given  of 

presented.  sphere  and  cube.  Questions 

b.  Without  going  through  the  surface  of  a  asked  regarding  properties  of 

cube  or  sphere  you  can  not  get  inside  both, 

the  object. 
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Identify  a  sphere  and  a  cube.  a.  Recognize  and  correctly  name  an  example  of  each. 
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CHART  IV 


GEOMETRIC  CONCEPT  ANALYSIS 
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CHART  V 


GEOMETRIC  CONCEPT  ANALYSIS 
INTERMEDIATE  LEVEL 


PERFORMANCE  OPERATIONS 


Performance  Operations  -  Primary  Level 


* 


CD 

u 

3 

3 

3 

o 

•r— 

o 

1 

•I-  c 

XT 

o 

4->  cd 

4-J 

3 

c  x: 

•  r— 

■M 

CD  4-J 

3 

• 

• 

u 

3 

3 

O 

3 

u 

CD 

CD 

4-J 

CD  CD 

CD 

r — ■ 

f“» 

c 

■C  r— 

i — - 

•  3 

•  4-J  3 

•  '  r— 

4-J  4-J  r— 

3 

JC  3 

x:  o  3 

-C 

O  cd 

3 

o 

cj  o 

O  T5 

O  to  E 

•f-3 

3  CD 

3  4-  CD 

3  CD 

4-  •!-  to 

CD 

n_ 

*i —  X£ 

•i—  XT 

■i-  TD 

xr 

cd 

4-J 

CD  4-> 

•r— 

CD  CD  CD 

4-J 

CJ 

CD 

CD  C 

CD  > 

C  3  r— 

cz 

x:  to 

x;  o  to 

x:  *r~ 

O  3  4-J 

to 

o 

+->  -i— 

4->  -r- 

4-J  "O 

to  4-> 

-r-  • 

c_j 

jQ 

C—  Cd  -c- 

to 

to  CD 

to  cd  CD 

10  3 

Cd  (Dr— 

CD  4-J 

+■* 

•i —  O 

•r-  3  (J 

•r-  to 

3  E 

ID  -i — 

c: 

■  1 — 

CT*r— 

c r  cd 

■r-  C 

CD 

CD  > 

CD  CD  > 

CD  CD 

CD  4- 

>  3 

E 

3  CD 

3  CD 

3  -O 

o  to 

CD 

CD 

3  -O 

3  to  -a 

3 

to  'I — 

•a  3 

S- 

to 

to  CD 

to  3 

CD  4-> 

CD 

D 

CO  4-> 

CO  JC  4-J 

cd  <d 

• 

XT  -r-  -C 

4-J  4-J 

CO 

CD  C 

CD  O  C 

CD  U 

to 

a  3  o  • 

3  CD 

<T3 

E  <D 

E  c  CD 

E 

4-> 

C  3  -r-  _C 

cu  E 

CD 

,  E 

■r-  E 

XT 

S- 

•r-  £  U 

E  •<— 

4-  a> 

4-  CD 

4-  CJ 

rd 

3  3  3 

CD  4-> 

o  3 

O  CD  3 

O  3 

Q-  CD  CD  -r- 

3  (Z 

3 

>  3 

■  i — 

>£  l- 

3  CD 

4->  to 

4->  i —  tO 

4J 

3 

i—  4-J  CD  4— 

to  (J 

•  i —  cd 

•r-  cd  co 

•r-  CD 

3 

CD  O  4->  i— 

cd 

3  (D 

C  3  CD 

3  SZ 

O 

3  C  CD  Cd 

CD  3 

:3  s: 

i3  i— 

33  1—  cl —  t —  Exrs:  o 

» — i 

» — I 

t—i 

i — i 

•  • 

1 — 1 

•  •  » 

k— 1  •  • 

•  • 

• 

I—  CM 

r-  CM  CO 

r-  CM 

co  «d- 

LO 

cd 

-a 

cd 

S- 

CJ3 


Cl) 

-a 

ra 

i_ 

CD 


aj 

-a 

cd 

3 

CD 


4J 

C 

aj 

e 

CD 

3 

3 

to 

cd 

CD 

E 


4-> 

CL 

CD 

a 

3 

o 

C_J 


CJ 


3 

+-> 

CD 


o 

CD 

CD 


*o 

CD 

to 

3 

CD 

3 

CO 

to 


3 

CD  • 

E  to 
CD  CD 
CD  to 
to  -r— 
CJ 
CD  3 
3  CD 
•r-  X 

_J  CD 


CD 

“O 

CO 

3 

CD 


4-> 

c 

4-J 

C 

*1 — 

c 

cd 

CD 

e 

-a 

E 

cd 

CD 

CD 

s- 

lO 

S- 

=3 

3 

3 

CO 

to 

rd 

CD 

cd 

cd 

3 

CD 

E 

cd 

E 

c 

to 

c 

•r— 

CD 

•p— 

• 

CL 

c 

-a 

cd  • 

TJ 

cd 

XT  to 

CD 

rd 

C") 

to  CD 

to 

S- 

Zj 

to 

3 

•o 

CJ  -r- 

CD 

•r-  CJ 

CD 

CD 

S*- 

s-  t- 

i- 

rd 

4-J  CD 

cd 

<d 

CD  X 

to 

E  CD 

to 

CO 

4-> 

O 

4-> 

4-> 

c: 

CD  4-J 

3 

C 

CD 

• 

CD  3 

CD 

•  CD 

E 

to 

CD 

E 

to  E 

CD 

CD 

4-  E 

an 

CD  CD 

CD 

U) 

O  CD 

CD 

(O  CD 

CO 

•i — 

S- 

to 

•r~  CO 

o 

eo  3 

CJ 

a) 

s- 

CD  lO 

CD 

fL.  CD 

c 

cd 

"O  cd 

3 

CD  C 

•r— 

X 

•1-  CD 

•r— 

X  *r— 

CD 

to  E 

— J 

CD  _J 

►— « 

I — 1 

# 

• 

»— « 

• 

• 

, _ 

CM 

i — 

CM 

CD 

"O 

rd 

S- 

*Modern  Mathematics  Structure  and  Use 


PERFORMANCE  OPERATIONS 


FOURTH  GRADE 

MODERN  SCHOOL  MATHEMATICS,  STRUCTURE  AND  USE 

Page  68. 

(1)  Measurement  of  line  segments 

(2)  Introduction  to  measuring  line  segment  using  an  inch  unit 
of  measure 

Page  69. 

(1)  Using  a  ruler  to  measure  line  segments 

(2)  Using  ruler  to  draw  line  segments 

(3)  A  ruler  shows  measures  of  1/4,  1/2,  3/4  inches. 

Page  79. 

(1)  Draw  circles  using  a  piece  of  cardboard  and  two  pencils 

(2)  Measure  radii  and  draw  circles;  fractions  of  an  inch  Included 

(3)  Copy  drawings 

Page  260. 

(1)  Copy  patterns  of  cutout  pyramid.  Cut  out  pattern  and  fold 
to  construct  pyramid 

Page  261 . 

(1)  Repeat  with  cube 
Page  263. 

(1)  Repeat  with  cone 
Page  266. 

(1)  Measure  line  segments  using  ruler 
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Page  267. 

(1)  Draw  rectangles  of  specified  measures  and  determine  how  many 
square  inches  match  the  rectangular  region. 

Page  268 
269 

(1)  Find  the  volume  of  3  dimentional  figures  by  discriminating 

measures  of  cubic  units  within  the  figure  to  compute  the  volume. 


) 
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PERFORMANCE  OPERATIONS 
FIFTH  GRAPE 

MODERN  SCHOOL  MATHEMATICS,  STRUCTURE  AND  USE 


Page 

68. 

(1) 

(2) 

Page 

69. 

(1) 

Page 

71. 

(1) 

) 

Page 

72. 

(1) 

(2) 

Page 

73. 

0) 

Page 

74. 

(1) 

(2) 

Page 

75. 

(1) 

(2) 

Page 

76. 

(1) 

(2) 

Measure  line  segments 
Identify  congruent  line  segments 

Measure  the  perimeters  of  polygons 

Introduction  to  protractor  by  identifying  the  number  of  degrees 
in  an  angle.  Protractor  drawn  in  book. 

Use  a  protractor  to  measure  angles 
Use  a  protractor  to  draw  angles 

Measure  angles 

Use  ruler  to  measure  line  segments  of  polygons 
Use  protractor  to  measure  angles  of  polygons 

Use  ruler  to  measure  line  segments  of  special  parallelograms 
Use  protractor  to  measure  angles  of  special  parallelograms 

Draw  circles  using  a  piece  of  card  board  and  two  pencils 
Measure  line  segments  and  angles  within  circles 


( 
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Page  77. 

(1)  Measure  line  segments  within  ellipses. 

Page  86. 

(1)  Draw  squares  and  rectangles  of  specified  measures  and  find 
their  areas  by  using  a  cutout  square  inch.  (Gava) 

Page  87. 

(1)  Construct  cubes  of  specified  measures  and  find  their  volume 
by  using  a  cutout  cubic  inch.  (Gava) 

Page  88-89. 

(1)  Locate  and  name  points  and  number  paris  for  the  points  on 
number  planes. 

) 

Page  90. 

(1)  Identify  number  pairs  on  number  planes. 

(2)  Draw  a  number  plane  and  label  points  and  draw  figures 

Page  91 . 

(1)  Draw  a  graph  using  specified  data 
Page  92. 

(1)  Draw  a  bar  graph  using  specified  data. 

Page  93. 

(1)  Draw  a  double  bar  graph  using  specified  data. 


PERFORMANCE  OPERATIONS 

SIXTH  GRADE 

MODERN  SCHOOL  MATHEMATICS,  STRUCTURE  AND  USE 

Page  69. 

1) 

Draw  line  segments  and  rays. 

Page  70. 

1) 

Measure  and  draw  line  segments. 

Page  71 . 

(1) 

Draw  Angles. 

Page  72. 

1) 

Use  protractor  to  measure  angles. 

Page  73. 

1) 

Measure  line  segments  and  angles. 

2) 

Use  protractor  to  draw  angles 

Page  74. 

D 

Descri ptive 

Page  75. 

1) 

Measure  Line  segments  and  angles. 

2) 

Draw  right  triangles 

Page  76. 

1) 

Use  protractor  and  ruler  to  measure  line  segments  and  angl 

Page  78. 

) 

\ 

1) 

Gava  ) 

)  Measuring  area. 

Page  79. 

) 

) 

1) 

Descriptive) 
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Page  80. 

1)  Use  protractor  and  ruler  to  measure  line  segments  and  angles. 

2)  Use  compass  to  draw  circles. 

Page  81 . 

1)  Use  compass  and  ruler  to  construct  triangles  and  rectangles. 
Page  82. 

1)  Measure  line  segments  and  angles. 

2)  Use  protractor  and  ruler  to  construct  triangles. 

Page  83. 

1)  Descriptive  -  pythagorian  theorem. 

Page  84. 

1)  Construct  a  hexagon  using  a  compass  and  ruler. 

2)  Construct  triangles  using  ruler  and  compass. 

Page  85. 

1)  Construct  triangles  using  a  ruler  and  compass 
Page  86. 

1)  Descriptive  -  planes  -  three  dimensional 
Page  87. 

1)  Descriptive  -  planes  -  three  dimensional 
Page  88  -  89. 

1)  Descriptive  -  special  closed  surfaces 
Page  90. 

1)  Descriptive  -  sphere 
Page  91 . 

1)  Measuring  volume  -  three  dimensional  -  Gava 
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Page  92. 

1)  Finding  surface  area  of  cubos  and  rectangular  prisms. 

Page  93. 

1)  Find  volume  and  surface  area  of  3  -  dimensionsal  figures 
Page  94. 

1)  Draw  number  plane. 

Page  95. 

1)  Draw  number  plane 

Page  268. 

1)  Use  ruler  and  protractor  to  measure  line  segments  and  angles. 
Page  269. 

1)  Descriptive  -  measurement  of  regions. 

Page  270. 

1)  Descriptive  -  measuring  space  regions. 

Page  271 . 

1)  Descriptive  -  measureing  surface  area  of  closed  surfaces. 

Page  272. 

1)  Cutout  circle  -  find  circumference  by  rolling  region  along  line 
segment. 

Page  273. 

1)  Descriptive  -  area  of  circular  region. 

Page  274. 

1)  Descriptive  -  Pythagorian  theorem 
Page  275. 

1)  Descriptive  -  Volumes  -and  areas 
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Page  276. 

1)  Linear  Pairs  -  use  protractor  to  measure  angles. 

Page  277. 

1)  Measure  angles  -  protractor. 

Page  270. 

1)  Measure  angles  -  protractor. 

Page  279. 

1)  Measure  angles  -  protractor. 

Page  280. 

1)  Measure  angles  and  line  segments. 

2)  Draw  congruent  triangles. 

Page  281 . 

1)  Construct  perpendiculars  without  protractor  -  use  compass. 

Page  282. 

1)  Use  compass  to  draw  perpendicular  bisectors  of  line  segments. 

Page  283. 

1)  Use  protractor  to  Identify  angle  bisectors. 

2)  Draw  angle  bisectors. 

3)  Draw  a  triangle  and  angle  bisectors. 

Page  284. 

1)  Cut  out  strips  of  cardboard  and  make  a  triangle  and  quadrilateral. 
Page  286. 

1)  Measure  line  segments  -  name  ratios. 

Page  287. 

1)  Descriptive  -  ratios. 

Page  288. 

1)  Draw  similar  geometric  shapes  -  make  drawing. 
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Pago  ?nn. 

1)  Descriptive  -  ratios. 

Page  290. 

1)  Descriptive  -  Intersecting  planes  and  closed  figures. 
Page  291 . 

1 )  Draw  ell ipses. 

Page  292. 

1)  Draw  number  planes. 

Page  293. 

1)  Draw  specified  symmetrical  figures. 


